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SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, TAKASHI KITAGUCHI, a 
citizen of Japan residing at Kanagawa, Japan, NORIHIKO 
MURATA, a citizen of Japan residing at Kanagawa, Japan 
and SHIN AOKI, a citizen of Japan residing at 
Kanagawa, Japan have invented certain new and useful 
improvements in 

IMAGE PICKUP APPARATUS AND IMAGE PROCESSING METHOD 

of which the following is a specification:- 
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BACKGROUND OF THE INVENTION 

This application claims the benefit of a 
Japanese Patent Application No. 11-305233 filed October 
27, 1999, in the Japanese Patent Office, the disclosure 
5 of which is hereby incorporated by reference. 

1 . Field of the Invention 

The present invention generally relates to 
image pickup apparatuses and image processing methods, 
and more particularly to an image pickup apparatus which 
10 picks up an image in divisions and to an image 

processing method which processes the image which is 
picked up in divisions. 

2. Description of the Related Art 

Digital cameras have become increasingly 
15 popular. The increasing popularity of the digital 

camera was gained by the ease with which the image can 
be processed as digital information, matching the recent 
trend of processing various kinds of data electronically. 
In addition, it would be extremely troublesome to 
20 convert the image which is picked up by a conventional 
camera using a silver film into the digital information. 

The digital camera can be used in various 
applications to bring out the advantageous features 
thereof. However, the resolution of the image which is 
2 5 picked up by the digital camera is not as high compared 
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to that picked up by the conventional camera using the 
silver film. Although recently, the number of pixels of 
a CCD image pickup element used in the digital camera 
has increased, it is still not large enough for picking 
5 up extremely fine characters and patterns with a 
satisfactory reproducibility. 

Accordingly, a method has been proposed to 
obtain partial images by picking up parts of a target 
object with a narrow field angle, and combining the 

10 partial images to generate a full image of the target 
object, which is as if the image were picked up by a 
high- density image pickup element having a large number 
of pixels with a wide field angle. When generating a 
high definition image by this proposed method, the 

15 following points are very important when picking up the 
partial images . 

First, each part of the target object must be 
included in one of the partial images. If a certain 
part of the target object is missing from all of the 

20 partial images, the full image which is generated by 

combining the partial images will naturally be missing 
this certain part. Second, each partial image must have 
a region which overlaps an adjacent partial image. The 
partial images are combined based on image information 

25 of such overlapping regions. Generally, the accuracy of 



the image combining process improves as the overlapping 
regions become larger, but the number of partial images 
to be picked up consequently increases, to thereby 
increase the time required to carry out the image 
combining process. 

Accordingly, when picking up the partial 
images of the target object, each part of the target 
object must be picked up, and in addition, the 
overlapping regions must be provided in an appropriate 
number of partial images. However, such an operation 
requires a skilled operator to perform, and furthermore, 
such an operation is extremely troublesome to perform. 
In view of the above, various methods have been proposed 
to pick up the partial images that will not put such a 
burden on the operator who operates the image pickup 
apparatus . 

For example, a Japanese Laid-Open Patent 
Application No. 11-75108 proposes a method which 
facilitates generation of a combined image 190 shown in 
FIG. 1A by overlapping a partial image 191 shown in FIG. 
IB which is already picked up and a partial image 
(through- image) 19 5 shown in FIG. 1C which is to be 
picked up or, time-divisionally displaying an image 199 
shown in FIG. ID. By displaying the partial images 191 
and 195 on a monitor by overlapping a right end portion 
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A of the partial image 191 and a left end portion A ' of 
the partial image 195, the operator adjusts an image 
pickup range ( through -image) of a camera so that the 
overlapping portions A and A' match, and records the 
5 combined image . 

On the other hand, a Japanese Laid-Open Patent 
Application No. 10-186551 proposes a method which 
compares a portion of the partial image which is already 
picked up and a portion of the present through -image, 

10 and records the through -image as one of the partial 

images if the two compared images match. In addition, 
this proposed method picks up the full image of the 
target object, displays the position of the present 
through- image on the full image, and also displays the 

15 position of the partial image which is already picked up 
on the full image . As a result , this proposed method 
assists the operation to pick up the partial images so 
that the overlapping regions of the partial images 
positively exist and no missing partial image of the 

20 target object exists. 

However, according to the method proposed in 
the Japanese Laid-Open Patent Application No. 11-75108, 
the overlapping regions of the partial images 191 and 
195 are displayed, and for this reason, it is difficult 

25 to detect a characterizing feature in the overlapping 
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regions if similar image information continues in the 
vicinity of the overlapping regions , as described below 
in conjunction with FIGS. 2A through 2C. 

For example, it is assumed for the sake of 
5 convenience that the image of a target object 1 shown in 
FIG. 2A is picked up in two divisions, namely, a left 
partial image 2 shown in FIG. 2B corresponding to the 
left part of the target object 1 and a right partial 
image shown in FIG. 2C corresponding to the right part 

10 of the target object 1. A right portion B of the left 

partial image 2 is displayed in an overlapping manner on 
a left portion C of the right partial image 3 on the 
display. However, the image information in the right 
portion B is substantially the same in the horizontal 

15 direction for virtually the entire right portion B, and 
a position in the right portion B cannot be specified. 
As a result, it is extremely difficult for the operator 
to accurately overlap the left and right partial images 
2 and 3 so that the right and left portions B and C 

20 perfectly match. 

On the other hand, when combining the partial 
images arranged in one direction, as in the case of a 
panoramic image, a predetermined one of right, left, top 
and bottom end portions of the partial images is 

25 automatically displayed. But in a case where the image 
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of the target object is picked up in four divisions, 
namely, a top right partial image 4, a bottom left 
partial image 5, a bottom right partial image 6 and a 
top right partial image 7 shown in FIG. 3, for example, 
5 it is extremely difficult to automatically judge the 

overlapping end portions of the partial images 4 through 
7. For example, if the partial image 4 is picked up 
first, and the end portion of this partial image 4 is to 
be displayed in an overlapping manner on the end portion 

10 of the partial image ( through- image ) which is to be 

picked up next, the end portion to be overlapped differs 
depending on whether the partial image 5 or the partial 
image 7 is to be picked up next. It is extremely 
difficult to automatically judge the end portion to be 

15 overlapped, and it is also extremely troublesome to 
manually specify the end portion to be overlapped. 

Furthermore, when displaying not only a 
portion of the image but all of the partial images which 
are picked up in an overlapping manner, no operation is 

20 actually carried out to overlap the end portions. Hence, 
the operator must carry out a troublesome operation of 
picking up the through- image while carefully confirming 
the display on the monitor the correspondence of the 
left end portion of the through-image and the right end 

25 portion of the partial image which is already picked up. 



for example. In addition, since the display is made on 
the monitor by only focusing on the overlap between two 
partial images at two successive image pickup times, the 
image pickup times do not become consecutive when 
5 picking up three or more partial images, and it is 

impossible to confirm the overlap between the adjacent 
partial images displayed on the monitor. In other words, 
in the case of the target object shown in FIG. 3, if the 
partial images 4, 5, 6 and 7 are picked up in this order, 

10 it is impossible to confirm the overlap of the partial 
images 4 and 7, because the image pickup times of these 
partial images 4 and 7 are not consecutive. Therefore, 
the method proposed in the Japanese Laid-Open Patent 
Application No. 11-75108 is not suited for a case where 

15 the image of the target object is picked up in divisions 
such that the adjacent partial images do not become 
continuous in time. 

On the other hand, according to the method 
proposed in the Japanese Laid-Open Patent Application 

20 No. 10-186551, the problems of the method proposed in the 
Japanese Laid-Open Patent Application No. 11-75108 are 
unlikely to occur, since the overlap of the partial 
images is judged automatically. However, it is 
necessary to confirm the overlap of the through- image 

2 5 with respect to all of the partial images which are 



already picked up, and an extremely large amount of data 
processing is required for this confirmation. As a 
result, the required processing time increases, and the 
cost of the image pickup apparatus also increases. 
Moreover, there is a limit in the existing processing 
accuracy with which the overlap of the through- image and 
the partial image which is already picked up is 
confirmed, and the reliability of this confirmation 
process is not very high. Furthermore, there is a high 
possibility that a part of the image of the target 
object will not be picked up, since it is impossible to 
know which partial images have already been picked up. 

SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the 
present invention to provide a novel and useful image 
pickup apparatus and image processing method, in which 
the problems described above are eliminated. 

Another and more specific object of the 
present invention is to provide an image pickup 
apparatus for picking up an image of a target object in 
divisions as a plurality of partial images which overlap 
by a predetermined quantity, comprising display means 
for displaying an image, and partial image generating 
means for generating the partial images to be displayed 
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on the display means by dividing a full image of the 
target image which is picked up in advance into 
predetermined sizes using information related to an 
overlap of the partial images . According to the image 
5 pickup apparatus of the present invention, it is 

possible to realize an image pickup apparatus which can 
generate a high-definition image by combining the 
partial images obtained by picking up the target object 
in divisions. In addition, it is possible to secure the 

10 necessary overlapping region that is required when 
combining the partial images , and to instruct the 
operator of the parts of the target object to be picked 
up so that all parts of the target object are picked up 
without dropout of image information. 

15 A further object of the present invention is 

to provide an image pickup apparatus for picking up an 
image of a target object in divisions as a plurality of 
partial images which overlap by a predetermined quantity, 
comprising a display unit displaying an image, and a 

20 generating unit generating the partial images to be 

displayed on the display unit by dividing a full image 
of the target image which is picked up in advance into 
predetermined sizes using information related to an 
overlap of the partial images . According to the image 

25 pickup apparatus of the present invention, it is 
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possible to realize an image pickup apparatus which can 
generate a high-definition image by combining the 
partial images obtained by picking up the target object 
in divisions. In addition, it is possible to secure the 
5 necessary overlapping region that is required when 
combining the partial images, and to instruct the 
operator of the parts of the target object to be picked 
up so that all parts of the target object are picked up 
without dropout of image information. 

10 Another object of the present invention is to 

provide an image pickup apparatus for picking up an 
image of a target object in divisions as a plurality of 
partial images which overlap by a predetermined quantity, 
comprising field angle setting means for setting a field 

15 angle with which the target object is to be picked up, 

display means for displaying an image, and partial image 
generating means for generating the partial images to be 
displayed on the display means by dividing a full image 
of the target image which is picked up with a 

20 predetermined field angle set by the field angle setting 
means into predetermined sizes using the predetermined 
field angle and information related to an overlap of the 
partial images after the predetermined field angle is 
set by the field angle setting means. According to the 

25 image pickup apparatus of the present invention, the two 
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images which are displayed in the overlapping manner in 
the full image are approximately the same, so that the 
effect of positioning or aligning the two images by the 
overlapping display is large. 
5 Still another object of the present invention 

is to provide an image pickup apparatus for picking up 
an image of a target object in divisions as a plurality 
of partial images which overlap by a predetermined 
quantity, comprising a field angle setting unit setting 

10 a field angle with which the target object is to be 
picked up, a display unit displaying an image, and a 
partial image generating unit generating the partial 
images to be displayed on the display unit by dividing a 
full image of the target image which is picked up with a 

15 predetermined field angle set by the field angle setting 
unit into predetermined sizes using the predetermined 
field angle and information related to an overlap of the 
partial images after the predetermined field angle is 
set by the field angle setting unit . According to the 

20 image pickup apparatus of the present invention, the two 
images which are displayed in the overlapping manner in 
the full image are approximately the same, so that the 
effect of positioning or aligning the two images by the 
overlapping display is large. 

25 A further object of the present invention is 
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to provide an image processing method for processing an 
image of a target object which is picked up by an image 
pickup apparatus in divisions as a plurality of partial 
images which overlap by a predetermined quantity, 
5 comprising the steps of (a) displaying an image, and (b) 
generating the partial images to be displayed by the 
step (a) by dividing a full image of the target image 
which is picked up in advance into predetermined sizes 
using information related to an overlap of the partial 

10 images. According to the image processing method of the 
present invention, it is possible to realize an image 
pickup apparatus which can generate a high- definition 
image by combining the partial images obtained by 
picking up the target object in divisions. In addition, 

15 it is possible to secure the necessary overlapping 
region that is required when combining the partial 
images, and to instruct the operator of the parts of the 
target object to be picked up so that all parts of the 
target object are picked up without dropout of image 

20 information. 

Another object of the present invention is to 
provide an image processing method for processing an 
image of a target object which is picked up by an image 
pickup apparatus in divisions as a plurality of partial 

25 images which overlap by a predetermined quantity. 
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comprising the steps of (a) setting a field angle with 
which the target object is to be picked up, (b) 
displaying an image, and (c) generating the partial 
images to be displayed by the step (b) by dividing a 
5 full image of the target image which is picked up with a 
predetermined field angle set by the step (a) into 
predetermined sizes using the predetermined field angle 
and information related to an overlap of the partial 
images after the predetermined field angle is set by the 

10 step (a) . According to the image processing method of 
the present invention, the two images which are 
displayed in the overlapping manner in the full image 
are approximately the same, so that the effect of 
positioning or aligning the two images by the 

15 overlapping display is large. 

Other objects and further features of the 
present invention will be apparent from the following 
detailed description when read in conjunction with the 
accompanying drawings. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A through ID are diagrams for 
explaining a method proposed in a Japanese Laid-Open 
Patent Application No. 11-75108; 
25 FIGS. 2A through 2C are diagrams for 
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explaining the method proposed in the Japanese Laid-Open 
Patent Application No. 11-75108; 

FIG. 3 is a diagram for explaining the method 
proposed in the Japanese Laid-Open Patent Application 
5 No. 11-75108; 

FIG. 4 is a diagram for explaining a first 
embodiment of an image pickup apparatus according to the 
present invention; 

FIG. 5 is a flow chart for explaining the 
10 operation of the first embodiment of the image pickup 
apparatus ; 

FIG. 6 is a flow chart for explaining the 
image combining operation of the first embodiment of the 
image pickup apparatus; 
15 FIGS. 7 A through 7C are diagrams for 

explaining the combining of partial images in the first 
embodiment of the image pickup apparatus; 

FIG. 8A through 8E are diagrams for explaining 
partial images which are picked up by the first 
20 embodiment of the image pickup apparatus; 

FIG. 9 is a flow chart for explaining the 
operation of the first embodiment of the image pickup 
apparatus in a partial image pickup mode; 

FIGS. 10A and 10B are diagrams for explaining 
25 a division of a full image in the first embodiment of 
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the image pickup apparatus ; 

FIG. 11 is a diagram for explaining the 
division of the full image in the first embodiment of 
the image pickup apparatus; 
5 FIGS- 12A through 12E are diagrams showing 

menus which are displayed in second, third, fifth, 
seventh and ninth embodiments of the image pickup 
apparatus according to the present invention; 

FIG. 13 is a diagram showing a display made in 
10 the first through tenth embodiments of the image pickup 
apparatus according to the present invention; 

FIG. 14 is a diagram showing a display made in 
an eleventh embodiment of the image pickup apparatus 
according to the present invention; and 
15 FIG. 15 is a flow chart for explaining the 

operation of a fourteenth embodiment of the image pickup 
apparatus according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
20 FIG. 4 is a diagram for explaining a first 

embodiment of an image pickup apparatus according to the 
present invention. This first embodiment of the image 
pickup apparatus employs a first embodiment of an image 
processing method according to the present invention. 
25 In this first embodiment, the present invention is 
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applied to an image pickup apparatus made of a digital 
camera. 

In FIG. 4, an image of a target object is 
imaged on a surface of an image pickup element 11 via a 
5 lens 10, and the image is converted into an image signal 
by the image pickup element 11. The image signal from 
the image pickup element 11 is converted into a digital 
image signal by an analog-to-digital (A/D) converter 12, 
and is supplied to a MPU 13 which functions as a signal 

10 processing means and a control means. 

The MPU 13 carries out various processes, 
including a correction process and a compression process, 
with respect to the digital image signal received via 
the A/D converter 12, and stores the processed image 

15 signal in an image memory 14. A display unit 15 is made 
of a liquid crystal display (LCD) or the like, and 
displays an image under the control of the MPU 13, such 
as an image (through- image) which is presently being 
picked up by the image pickup element 11, the image 

20 immediately prior to being stored in the image memory 14, 
and the image stored in the image memory 14. 

A field angle setting unit 16 variably sets a 
field angle with which the image is to be picked up, by 
varying a zoom magnification by varying a focal distance 

25 of the lens 10 in response to an instruction from the 
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operator. In this state, the field angle setting unit 
16 supplies a field angle varying signal to a zoom 
mechanism 17 via the MPU 13, and the zoom mechanism 17 
varies the focal distance of the lens 10 by driving the 
5 lens 10 and the like in response to the field angle 
varying signal. 

An interface (I/F) 18 forms an interface for 
functions other than varying the field angle. The 
interface 18 includes a LED 100 which turns ON during a 

10 normal image pickup mode, a LED 101 which turns ON 
during a partial (or divided) image pickup mode, a 
switch 102 which is pushed to switch the image pickup 
mode to the normal image pickup mode, a switch 103 which 
is pushed to switch the image pickup mode to the partial 

15 (or divided) image pickup mode, a power switch 104 which 
is pushed to turn the power supply ON/ OFF , a LCD 105 for 
displaying the state of the camera, a LED 106 which 
turns ON when a divided image is being displayed, and a 
LED 107 which is turned ON when a through image is being 

20 displayed. Although omitted in FIG. 4, the interface 18 
also includes an image switching unit and manipulation 
buttons which will be described later. The image 
switching unit may be formed by one or more switches . 
The divided image is an image which is 

25 obtained when the full (or entire) image of a target 
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object is divided according to the present invention, 
and is displayed as a guide when picking up a partial 
image. The partial image is an image which is obtained 
by picking up only a part of the target object or, an 
5 image which is to be obtained by picking up only a part 
of the target object. The through image is a motion 
picture which is continuously picked up, and is 
continuously displayed on the display unit 15. The 
through image is not held in the image memory 14. 

10 A release button 19 is coupled to the MPU 13, 

and is manipulated when inputting the image. Further, a 
distance sensor 20 is coupled to the MPU 13 for 
detecting and inputting a distance to a target object 
which is measured by a known means . 

15 Next, a description will be given of the 

operation of this first embodiment when combining 
partial images. FIG. 5 is a flow chart for explaining 
the operation of the MPU 13 of this first embodiment. 

In FIG. 5, a step SI decides whether an image 

20 pickup is to be carried out in divisions, that is, in 
the partial image pickup mode. When the image of the 
target object is to be picked up in divisions, the 
operator specifies the partial image pickup mode from 
the mode switching unit 19. If the operator specifies 

25 the normal image pickup mode, the decision result in the 
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step SI is NO, and. the image of the target object is 
picked up as in the case of the conventional image 
pickup apparatus . That is , in the normal image pickup 
mode, the image of the target object is picked up as it 
5 is without being divided, by use of the lens 10, the 
image pickup element 11, the A/D converter 12, the MPU 
13, the display unit 15 and the field angle setting unit 
16. An image signal of the image of the target object 
picked up in the normal image pickup mode is stored in 
10 the image memory 14 and is displayed on the display unit 
15. 

On the other hand, if the operator specifies 
the partial image pickup mode, the decision result in 
the step SI is YES, and a step S2 carries out a partial 

15 image pickup operation. More particularly, the step S2 
picks up the image of the target object in divisions, 
that is, picks up partial images of the target object. 
The partial images of the target object are picked up by 
use of the field angle setting unit 16, the lens 10, the 

20 image pickup element 11, the A/D converter 12 and the 

MPU 13. Image signals of the partial images are stored 
in the image memory 14. Thereafter, a step S3 carries 
out an image combining operation. In other words, the 
step S3 combines the partial images by the MPU 13, and 

25 generates a single combined image. An image signal of 
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this single combined image is stored in the image memory 
14. 

Next, a description will be given of the 
contents processed during the image combining operation. 
5 FIG. 6 is a flow chart for explaining the image 

combining operation of the step S3 shown in FIG. 5. In 
addition, FIGS. 7A through 7C are diagrams for 
explaining the combining of partial images in this first 
embodiment. For the sake of convenience, a partial 

10 image of the target object is denoted by P(i), where i = 
1, N, and it is assumed that a total of N partial 

images of the target object exist. 

In FIG. 6, a step Sll loads a partial image 
P(l) by setting i to i = 1, and a step S12 extracts 

15 feature points on the partial image P(i) . In other 

words, the MPU 13 reads the partial image P(l) from the 
image memory 14, and automatically detects the feature 
points on the partial image P(l). If the partial image 
P(l) is as shown in FIG. 7A, it is desirable to extract 

20 corner portions 21 through 24 of the partial image P(l) 
indicated by circular marks as the feature points. Such 
feature points can be detected by use of a 
differentiating filter or the like. 

Next, a step S13 loads a partial image P(i+1) 

25 which is adjacent to the partial image P(i), and a step 
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S14 extracts feature points on the partial image P(i+1) 
corresponding to the feature points on the partial image 
P(i) . More particularly, the MPU 13 reads the partial 
image P(2) which is adjacent to the partial image P(l) 
from the image memory 14, and extracts feature points 
21' through 24' of the partial image P(2) which 
respectively correspond to the feature points 21 through 
24 of the partial image P{1) and are indicated t>y 
circular marks in FIG. 7B. The corresponding feature 
points 21' through 24' can be extracted by obtaining 
correlation values (correlation values between the 
partial image P(l) and P(2)) of small image regions 
about the feature points 21 through 24 on the partial 
image P(l) on the partial image P(2), and extracting as 
the corresponding feature points 21' through 24" the 
centers of the regions where the correlation values 
become a local maximum. 

A step S15 calculates projection conversion 
parameters. If a coordinate of a certain point on the 
partial image P(l) is denoted by (x, y) and a 
corresponding coordinate on the corresponding partial 
image P(2) is denoted by (x 1 , y'), the following 
formulas (1) stand when the target object is a plane 
such as the paper surface or the wall or a distant 
object, where hO through b.7 are called projection 
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conversion parameters which are constants peculiar 
between two images. 

x = (h0-x'+hl-y , +h2)/(h6-x , +h7-y , +l) 

y = (h3-x'+h4-y , +h5)/(h6-x , +hVy'+l) (1) 

Accordingly, the projection conversion 
parameters hO through h7 can be obtained if four or more 
pairs of corresponding feature points of the partial 
images P(l) and P(2) exist. In general, several tens of 
pairs of corresponding feature points of the partial 
images P(l) and P(2) are used since noise is included in 
the images, and the MPU 13 calculates the projection 
conversion parameters hO through h7 from the pairs of 
corresponding feature points by the method of least 
squares . 

A step SI 6 combines the partial images P(i) 
and P(i+1) into a single image based on the calculated 
projection conversion parameters hO through h7, using 
the formulas (1) described above, and newly defines the 
single image as P(i+1). In this particular case, the 
MPU 13 generates a single image by combining the partial 
images P(l) and P(2) based on the relationships of the 
feature points 21 through 24 of the partial image P(l) 
and the corresponding feature points 21' through 24" of 
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the partial image P(2), that is, the projection 
conversion parameters hO through h7 , using the formulas 
(1). Hence, the single image shown in FIG. 7C is 
generated when the partial images P(l) and P(2) 
5 respectively shown in FIGS. 7A and 7B are combined. 

Therefore, when the projection conversion 
parameters hO through h7 are calculated, the MPU 13 uses 
the formulas (1) to calculate the positions of all of 
the pixels of the partial image P(2) on the partial 

10 image P(l). Hence, the partial images P(l) and P(2) can 
be appropriately combined into the single image which is 
newly defined as P(2). 

A step S17 increments i by one to i = i + 1, 
and a step S18 decides whether or not i = N. The 

15 process returns to the step S12 if the decision result 

in the step S18 is NO. The process ends if the decision 
result in the step S18 is YES. 

Hence, the MPU 13 repeats the above described 
operation until all of the partial images are combined 

20 into the single image. As a result, it is possible to 
generate a high-definition image. 

Of course, it is not essential for the image 
combining operation to be carried out in the image 
pickup apparatus . The partial images may be transferred 

25 to an information processing apparatus such as a 



-25- 



personal computer, so that the image combining operation 
is carried out in the personal computer. 

In addition, if a distortion is introduced in 
the generated high-definition image, it is possible to 
5 correct the distortion manually or by use of the 
projection conversion parameters. 

Next , a description will be given of the 
operation of this first embodiment in the partial image 
pickup mode, by referring to FIGS . 8A through 8E and 9. 

10 FIG. 8A through 8E are diagrams for explaining the 
partial images which are picked up by this first 
embodiment. In addition, FIG. 9 is a flow chart for 
explaining the operation of this first embodiment in the 
partial image pickup mode, that is, the partial image 

15 pickup operation of the step S2 shown in FIG. 5. 

First, the full image of the object shown in 
FIG. 8A is picked up by use of the field angle setting 
unit 16, the lens 10, the image pickup element 11, the 
A/D converter 12, the MPU 13 and the display unit 15. 

20 In this state, the field angle with which the image 

pickup is made is set by the field angle setting unit 16 
so that the full image of the object can be picked up. 

Next, in order to pickup a partial image 
corresponding to a divided image shown in FIG. 8B which 

25 is obtained by dividing the full image of the object. 



the MPU 13 displays on the display unit 15 at the time 
of the monitoring a divided image indicated by a dotted 
line and a through- image indicated by a solid line in an 
overlapping manner as shown in FIG. 8D, so as to input a 
partial image similar to the divided image shown in FIG. 
8B. Similarly, in order to pickup a partial image 
corresponding to a divided image shown in FIG. 8C which 
is obtained by dividing the full image of the object, 
the MPU 13 displays on the display unit 15 at the time 
of the monitoring a divided image indicated by a dotted 
line and a through- image indicated by a solid line in an 
overlapping manner as shown in FIG. 8E , so as to input a 
partial image similar to the divided image shown in FIG. 
8C. 

In FIG. 9, a step S21 sets the image pickup 
apparatus to a full field angle setting state to set the 
field angle for picking up the full image of the target 
object. In this full field angle setting state, the 
operator operates the field angle setting unit 16 so as 
to determine the field angle for picking up the full 
image of the target object. Then, a step S22 picks up 
the full image of the target object. More particularly, 
the operator pushes the release button 19, so that the 
image pickup apparatus escapes from the full field angle 
setting state. The full image of the target object is 
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picked up by the image pickup element 11 via the lens 10, 
and the image signal from the image pickup element 11 is 
supplied to the MPU 13 via the A/D converter 12. Hence, 
the digital image signal is subjected to various 
5 processes such as the correction process and the 

compression process in the MPU 13, and the processed 
digital image signal is stored in the image memory 14. 

Next, a step S23 sets the image pickup 
apparatus to a partial field angle setting state to set 

10 the field angle for picking up the partial image of the 
target object. In this partial field angle setting 
state of the image pickup apparatus, the operator 
operates the field angle setting unit 16 so as to 
determine the field angle for picking up the partial 

15 image of the target object. In this embodiment, the 
image pickup apparatus assumes a divided image 
generating state when the end of the setting of the 
partial field angle is notified from the field angle 
setting unit 16 to the MPU 13. The end of the setting 

20 of the partial field angle may be notified by operating 
the interface 18 or, by issuing an end notification if 
no operation is carried out to change the field angle 
for a predetermined time. Thereafter, it is possible to 
take measures so that the image pickup apparatus returns 

25 to the partial field angle setting state if the field 



angle is changed again. 

In the divided image generating state, the MPU 
13 carries out an operation to divide the full image 
stored in the image memory 14, by steps S24 through S28 
5 shown in FIG. 9. The step S24 sets i to i = 1 , and the 
step S25 displays a divided image Q(i). The step S26 
picks up a partial image P(i). The step S27 increments 
i to i = i + 1, and the step S28 decides whether or not 
i = N. The process returns to the step S25 if the 

10 decision result in the step S28 is NO. The process ends 
if the decision result in the step S28 is YES. The 
steps S24 through S28 carried out in the divided image 
generating state will be described later in more detail. 

A description will be given of the division of 

15 the full image. FIGS. 10A, 10B and 11 are diagrams for 
explaining the division of the full image in this first 
embodiment . 

As shown in FIG. 10A, when the full image of a 
target object O is picked up, the full image is imaged 

20 on the image pickup element 11 in a range 11. In this 
state, it is assumed for the sake of convenience that 
the lens 10 has a focal distance fa. On the other hand, 
when the partial field angle is set in the field angle 
setting unit 16 in the partial field angle setting state 

2 5 as shown in FIG. 10B, the partial image is imaged on the 
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image pickup element 11 in a range lp. In this state, 
it is assumed for the sake of convenience that the lens 
10 has a focal distance fp. 

A ratio of the length of the partial image 
5 with respect to the length of the full image can be 
described by lp/la = fa/fp. Accordingly, when the 
length of the full image is denoted by 1 as shown in FIG. 
11, the length of the divided image becomes fa/fp. The 
number of divided images is determined so that each 

10 divided image has an overlapping region. If a minimum 
required length of the overlapping region is denoted by 
dl, a number mx of divisions of the image in the 
horizontal direction is determined as an integer which 
makes the following formula (2) greater than or equal to 

15 one and a positive integer closest to one. 

(mx-l){ (fa/fp)-d}+(fa/fp) --- (2) 

In this state, the minimum required length dl 
20 is used for d. If a number mx which makes the formula 

(2) exactly equal to one does not exist, d is treated as 
an unknown after determining the number mx, and d2 is 
used for d so that the formula (2) becomes equal to one. 
In this case, d2 becomes greater than dl, and the 
25 overlapping region increases. Although the number mx of 



-30- 



divisions in the horizontal direction of the image is 
determined in the above described case, a number my of 
divisions in the vertical direction of the image is 
generally the same as the number rax. However, if the 
minimum required length of the overlapping region 
differs between the horizontal divisions and the 
vertical divisions , the number my is obtained by 
carrying out a calculation similar to that carried out 
to obtain the number rax, but by use of the minimum 
required length of the overlapping region for the 
vertical division. Therefore, the number of divisions 
of the full image amounts to a total of mx x my. 

In the divided image generating state, the MPU 
13 reads the full image from the image memory 14, and 
divides the full image so that the divided images 
partially overlap. As a result, N = mx x my divided 
images Q(i) are generated, where i = 1, 2, N. Next, 

the MPU 13 displays the divided image Q(i) on the 
display unit 15, and urges the operator to pick up an 
image similar to the divided image Q(i) . In this state, 
the MPU 13 may carry out an appropriate interpolation 
process on the divided image Q(i) , so as to make an 
enlarged display of the divided image Q(i) with an 
appropriate magnification of fp/fa, for example. A 
constant value which is obtained through experience may 
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be used for the minimum required length dl or, the value 
of the minimum required length dl may be varied 
depending on the kind of image. 

The operator carries out an operation to pick 
5 up and record a part of the target object which 

approximately matches the divided image Q(i), while 
viewing the divided image Q(i) on the display unit 15. 
If the minimum required overlapping region is set with a 
sufficient margin, a slight error between the picked up 

10 partial image P(l) and the divided image Q(i) will not 
cause problems . By this operation carried out by the 
operator, the partial image P(l) is picked up in the 
above described manner by use of the lens 10, the image 
pickup element 11, the A/D converter 12, the MPU 13 and 

15 the display unit 15, and is recorded in the image memory 
14. The above described operation is successively 
carried out with respect to all of the N divided images, 
and thus, the partial images P(l) through P(N) are 
successively picked up and recorded in the image memory 

20 14. Each of the above states, that is, the image number 
of each partial image which is picked up, may be 
notified to the operator using the interface 18, by 
indicating the image number of the partial image which 
is being picked up. In addition, all of the divided 

25 images may be generated immediately after the full image 
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is picked up or, may be generated immediately before 
being displayed for picking up the partial image. 
Furthermore, it is possible to provide a means for 
displaying a position of each divided image on the full 
5 image . 

Therefore, this first embodiment of the image 
pickup apparatus includes the field angle setting unit 
16 which functions as the field angle setting means for 
setting the field angle with which the image is to be 

10 picked up, and the display unit 15 which functions as 
the display means for displaying the image, and the 
target object is picked up as the partial images which 
are obtained by dividing the target object into a 
plurality of divisions with a predetermined overlap 

15 quantity. The image pickup apparatus further includes 

the MPU 13 which functions as a means for generating the 
partial image displayed on the display unit 15 by 
dividing the full image of the picked up target object 
into predetermined sizes by setting the field angle to a 

20 predetermined field angle by the field angle setting 

unit 16, using the field angle and overlap information 
of the partial images after the field angle setting unit 
16 sets the field angle, so that the high-definition 
image can be generated by combining the partial images 

25 of the target object. Hence, the necessary overlapping 
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reglon can be secured when combining the partial images , 
and it is possible to instruct the operator of the parts 
of the target object to be picked up so that all parts 
of the target object are picked up. In addition, by 
5 displaying the divided image which closely resembles the 
partial image which is to be picked up and urging the 
operator to pick up a similar image (partial image), it 
is possible to automatically secure the necessary 
overlap quantity for combining the partial images, 

10 without requiring the operator to be aware of such, and 
all parts of the target object are positively picked up 
without a dropout. Accordingly, compared to the 
conventional methods, it is possible to reduce the 
burden on the operator, and the required amount of 

15 processing can be suppressed to a realistic or tolerable 
amount executable within a camera. 

In this first embodiment, the overlapping 
region of each divided image has the predetermined 
length, but this predetermined length may of course be 

20 freely varied when the operator makes the image pickup. 

Next, a description will be given of a second 
embodiment of the image pickup apparatus according to 
the present invention. In this second and subsequent 
embodiments of the image pickup apparatus, the basic 

2 5 structure of the first embodiment of the image pickup 
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apparatus shown in FIG. 4 may be used, and thus, a 
description of the basic structure will be omitted for 
these embodiments. In addition, the second and 
subsequent embodiments of the image pickup apparatus 
respectively employ second and subsequent embodiments of 
the image processing method according to the present 
invention . 

In this second embodiment, the operator can 
freely vary the length of the overlapping region of each 
divided image in the first embodiment described above. 
More particularly, when a manipulating button within the 
interface 18 is pushed, the MPU 13 displays a menu shown 
in FIG. 12A on the display unit 15. When a "overlap 
quantity" on the menu is specified by the manipulation 
button within the interface 18, the MPU 13 changes the 
length of the overlapping region of each divided image 
to a desired overlap quantity which is prestored or 
specified. 

According to this second embodiment , the 
manipulation button within the interface 18 functions as 
an overlap quantity specifying means for specifying the 
amount of overlap of the partial images. Hence, it is 
possible to pick up the partial images so as to improve 
the accuracy of combining the partial images while 
taking into consideration the available storage capacity. 
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Each partial image must have an overlapping region to a 
certain extent, regardless of the target object. 
Moreover, depending on the target object, a success rate 
of the subsequent partial image combining process 
5 deteriorates unless the overlapping region is increased. 
In the conventional methods , the amount of overlapping 
region to be secured depends solely on the skill and 
experience of the operator. But in this second 
embodiment, the predetermined overlapping region can 

10 accurately be secured automatically, and the overlap 
quantity can be set arbitrarily to secure the desired 
overlap quantity and to further improve the effects of 
the overlapping region. 

In the first and second embodiments described 

15 above, the field angle with which the partial image is 

picked up is set manually by the operator. However, the 
field angle with which the partial image is picked up 
may be set automatically to a predetermined field angle. 

Next, a description will be given of a third 

20 embodiment of the image pickup apparatus according to 
the present invention. In this third embodiment, the 
field angle with which the partial image is picked up is 
set automatically to a predetermined field angle in the 
first embodiment described above. 

25 More particularly, when a manipulating button 
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within the interface 18 is pushed, the MPU 13 displays a 
menu shown in FIG. 12B on the display unit 15. When a 
"focal distance" on the menu is specified by the 
manipulation button within the interface 18, the MPU 13 
changes the focal distance of the lens 10 to a desired 
focal distance which is prestored or specified. In the 
field angle setting state, the MPU 13 controls the zoom 
mechanism 17 so that the focal distance of the lens 10 
becomes 100 mm, for example, so as to automatically set 
the field angle to the predetermined field angle, and 
the changes the image pickup apparatus to the next state. 

Next, a description will be given of a fourth 
embodiment of the image pickup apparatus according to 
the present invention. In this fourth embodiment, the 
field angle with which the partial image is picked up is 
set automatically to a predetermined field angle in the 
second embodiment described above, in a manner similar 
to that of the third embodiment . 

Therefore, according to the third and fourth 
embodiments, it is possible to easily set the field 
angle with which the partial image is to be picked up in 
the first and second embodiments described above, 
respectively, because the MPU 13 functions as a means 
for automatically setting the field angle with which the 
partial image is to be picked up to a predetermined 
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field angle. In addition, although the field angle used 
to pick up the partial image differs depending on the 
individual operator, it is possible to set the field 
angle arbitrarily. For this reason, it is possible to 
5 further reduce the burden on the operator, by 

automatically setting the field angle when picking up 
the image of the target object in divisions. 

In the third and fourth embodiments described 
above, the focal distance of the lens 10 is set directly 

10 in order to set field angle. However, it is possible to 
set the field angle by setting the resolution with which 
the image pickup is to be made. 

Next, a description will be given of a fifth 
embodiment of the image pickup apparatus according to 

15 the present invention. In this fifth embodiment, the 

field angle with which the partial image is picked up is 
set automatically to a predetermined field angle in the 
third embodiment described above, by setting the 
resolution with which the partial image is to be picked 

20 up. 

More particularly, when a manipulating button 
within the interface 18 is pushed, the MPU 13 displays a 
menu shown in FIG. 12C on the display unit 15. When a 
"resolution" on the menu is specified by the 
25 manipulation button within the interface 18, the MPU 13 
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changes the resolution to a desired resolution which is 
prestored or specified. The resolution is set to 200 
dpi, for example. 

The "focal distance" displayed on the menu 
shown in FIG. 12C may be switched automatically to read 
"automatic" when the value of the "resolution" is input, 
and other items displayed on the menu may similarly be 
switched automatically. The distance sensor 20 
functions as a distance measuring means for measuring 
the distance to the target object. The MPU 13 uses a 
distance 1 to the target object measured by the distance 
sensor 20 and a resolution r which is specified by the 
manipulating button within the interface 18, to 
calculate the focal distance fp with which the partial 
image is to be picked up based on the following formula 
(3), where e denotes a pixel pitch of the image pickup 
element 11. 

fp = (r-l)/e --- (3) 

The MPU 13 controls the zoom mechanism 17 by 
the focal distance fp which is calculated according to 
the formula (3), so as to set the field angle. Of 
course, it is possible to use a known distance sensor 
which is used for automatic focusing in common as the 
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distance sensor 20. 

Next, a description will "be given of a sixth 
embodiment of the image pickup apparatus according to 
the present invention. In this sixth embodiment, the 
5 field angle with which the partial image is picked up is 
set automatically to a predetermined field angle in the 
fourth embodiment described above, by setting the 
resolution with which the partial image is to be picked 
up. 

10 More particularly, when a manipulating button 

within the interface 18 is pushed, the MPU 13 displays a 
menu similar to that shown in FIG. 12C on the display 
unit 15. When a "resolution" on the menu is specified 
by the manipulation button within the interface 18, the 

15 MPU 13 changes the resolution to a desired resolution 
which is prestored or specified. 

According to the fifth and sixth embodiments, 
the manipulating button within the interface 18 
functions as a resolution specifying means for 

20 specifying the resolution, and the distance sensor 20 

functions as the distance measuring means for measuring 
the distance to the target object. In addition, the MPU 
13 functions as a means for setting the field angle to a 
predetermined value by calculating the field angle from 

25 the resolution specified by the resolution specifying 
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means and the distance measured by the distance 
measuring means. Consequently, it is possible to easily 
specify the field angle with which the partial image is 
to be picked up. Although the resolution to be used 
differs depending on the target object which is to be 
picked up by the image pickup apparatus, it is possible 
to arbitrarily set the resolution, thereby making it 
possible to further reduce the burden on the operator. 

Next, a description will be given of a seventh 
embodiment of the image pickup apparatus according to 
the present invention. In this seventh embodiment, the 
size of the target object is set in addition to the 
resolution in the fifth embodiment described above, 
without the use of the distance sensor 20. 

More particularly, when a manipulating button 
within the interface 18 is pushed, the MPU 13 displays a 
menu shown in FIG. 12D on the display unit 15. When the 
"resolution" and a "target object size" on the menu are 
specified by one or more manipulation buttons within the 
interface 18, the MPU 13 changes the resolution to a 
desired resolution which is prestored or specified, and 
also changes the target object size to a desired size. 
For example, the resolution is set to 200 dpi, and the 
target object size is set to A4-size horizontal or B5- 
size vertical. The target object size may be specified 
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by the manipulation button within the interface 18 to a 
standardized paper size or, the size itself such as the 
length may be input directly. 

In this seventh embodiment, the MPU 13 
5 calculates the focal distance fp for picking up the 

partial image based on the following formula (4), using 
the length la of the target object determined by the 
target object size which is input via the manipulating 
button within the interface 18 and the set resolution r, 

10 where g denotes a number of pixels of the image pickup 

element 11 along a direction corresponding to the target 
object length la. The MPU 13 sets the field angle by 
controlling the zoom mechanism 17 based on the focal 
distance fp which is calculated according to the formula 

15 (4). 

fp == (r-fa-la)/g --- (4) 

Next, a description will be given of an eighth 
20 embodiment of the image pickup apparatus according to 
the present invention. In this eighth embodiment, the 
size of the target object is set in addition to the 
resolution in the sixth embodiment described above, 
similarly to the seventh embodiment, without the use of 
25 the distance sensor 20. 
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Therefore, according to the seventh and eighth 
embodiments, the manipulating button within the 
interface 18 functions as a target object size 
specifying means for specifying the size of the target 
object, and the manipulating button within the interface 
18 functions as a resolution setting means for setting 
the resolution by specifying or storing the resolution. 
In addition, the MPU 13 functions as a means for setting 
the field angle to a predetermined value by calculating 
the field angle from the target object size specified by 
the target object size specifying means and the 
resolution specified by the resolution specifying means. 
Consequently, it is possible to easily specify the field 
angle with which the partial image is to be picked up. 
In addition, since it is possible to set the size of the 
target object and it is thus unnecessary to provide the 
distance sensor 20, it is possible to reduce both the 
size and cost of the image pickup apparatus . 

Next , a description will be given of a ninth 
embodiment of the image pickup apparatus according to 
the present invention. In this ninth embodiment, the 
number of divisions of the target object is set in the 
fifth embodiment described above. 

More particularly, when a manipulating button 
within the interface 18 is pushed, the MPU 13 displays a 
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menu shown in FIG. 12E on the display unit 15. When a 
"number of divisions" on the menu is specified by the 
manipulation button within the interface 18, the MPU 13 
sets the number of divisions to a desired number of 
5 divisions. For example, the number of divisions is set 
to three. The number of divisions in one direction is 
set in this ninth embodiment. Hence, the actual number 
of divisions is 3 x 3 = 9 . Of course, the number of 
divisions may be specified to the total number of 

10 partial images. 

The MPU 13 calculates the focal distance fp 
with which the partial image is to be picked up, by 
solving the formula (5) using the number mx of divisions 
of the target object in one direction specified by the 

15 manipulating button within the interface 18 . In 

addition, the MPU 13 sets the field angle by controlling 
the zoom mechanism 17 based on the focal distance fp 
which is calculated according to the formula ( 5 ) . 

20 (mx-l){(fa/fp)-dl}+(fa/fp) = 1 --- (5) 

Next, a description will be given of a tenth 
embodiment of the image pickup apparatus according to 
the present invention. In this tenth embodiment, the 
25 number of divisions of the target object is set in the 
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sixth embodiment described above, similarly to the ninth 
embodiment . 

Therefore, according to the ninth and tenth 
embodiments, it is possible to easily specify the field 
5 angle with which the partial image is to be picked up in 
the fifth and sixth embodiments, respectively, by 
providing in the image pickup apparatus the manipulating 
button within the interface 18 having the function of a 
division number specifying means for specifying the 

10 number of divisions of the full image of the target 

object, and the MPU 13 which functions as a means for 
setting the field angle to a predetermined field angle 
by calculating the field angle from the number of 
divisions specified by the division number specifying 

15 means. The time required to pick up the full image of 
the target object increases and the storage capacity 
required to store the partial images increases as the 
number of partial images increases. However, by setting 
the number of partial images to be recorded, it is 

20 possible to prevent such problems in advance by 

predicting the time required to pick up the full image 
and the storage capacity required to store the partial 
images . 

It is desirable that each setting made in the 
2 5 second through tenth embodiments described above occurs 
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prior to the partial image pickup mode. In addition, 
when a certain item is set on the menu which is 
displayed on the display unit 15, an item which is 
automatically determined thereby or cannot be decided 
5 may be indicated as being "invalid", for example. 

According to the first through tenth 
embodiments described above, the MPU 13 displays on the 
display unit 15 a divided image indicated by a dotted 
line and a through- image indicated by a solid line in an 

10 overlapping manner as shown in FIG. 13. In this state, 
the divided image is displayed on an enlarged scale 
which is fp/fa times, as described above. The operator 
picks up the image of the target object by varying the 
position and direction of the image pickup apparatus 

15 (camera) so that the divided image and the through-image 
match as much as possible. By repeating such an 
operation, it is possible to pick up the partial images 
without missing image portions of the target object, 
with appropriate overlapping regions among the partial 

20 images without having the operator be positively aware 
of forming such overlapping regions . The divided image 
may be subjected to an image processing such as an edge 
emphasis process, so that it is easier to match the 
positions of the divided image and the through- image . 

25 Further, the tone value of one of the through-image and 
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the divided image may be reduced or, one of the through- 
image and the divided image may be displayed in black- 
and-white, so as to facilitate the operator distinguish 
the through- image and the divided image. 

Moreover, according to the first through tenth 
embodiments, the display unit 15 functions as the 
display means for simultaneously displaying the divided 
image and the image which is presently being picked up 
in an overlapping manner. Hence, it is possible to 
facilitate the recognition of the divided image by the 
operator when picking up the partial image. In the 
conventional methods, the through- image and the divided 
image are displayed to only partially overlap or, the 
through- image is displayed to partially overlap another 
adjacent image, thereby making it difficult to recognize 
and position the images. But in the first through tenth 
embodiments, the two images which are displayed in the 
overlapping manner in the full image are approximately 
the same, so that the effect of positioning or aligning 
the two images by the overlapping display is large . 

Next, a description will be given of an 
eleventh embodiment of the image pickup apparatus 
according to the present invention. In this eleventh 
embodiment, the MPU 13 displays the through-image on the 
display unit 15 on a large scale as shown in FIG. 14, 
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and displays the divided image on an appropriately 
enlarged or reduced scale in a part of the display made 
on the display unit 15, in the first embodiment 
described above. FIG. 14 shows a case where the divided 
5 image is displayed on a reduced scale at a top left part 
of the display made on the display unit 15. The 
operator picks up the image while comparing the scaled 
divided image and the through- image on the display and 
varying the camera position and direction so that the 

10 two images become approximately the same. By repeating 
such an operation, it is possible to pick up the partial 
images which automatically overlap without dropout of 
image information related to the target object. 

Next , a description will be given of a 

15 modification of the eleventh embodiment of the image 

pickup apparatus. In this modification of the eleventh 
embodiment, the MPU 13 displays the through-image on the 
display unit 15 on a large scale, and displays the 
divided image on an appropriately enlarged or reduced 

20 scale in a part of the display made on the display unit 
15, similarly to the eleventh embodiment, in the any of 
the second through tenth embodiments described above. 

In the eleventh embodiment and the 
modification thereof, the divided image may be displayed 

25 on the display unit 15 on a large scale and the through- 



image may be displayed in a part of the display made on 
the display unit 15, or alternatively, the divided image 
and the through- image may be displayed side -by- side on 
the display unit 15. Furthermore, the divided image and 
5 the through- image may be displayed on corresponding 
display units by providing two display units . 

Therefore, according to the eleventh 
embodiment and the modification thereof, the image 
pickup apparatus according to any of the first through 

10 tenth embodiments simultaneously displays the divided 
image and the image which is presently being picked up 
at different positions on the display unit 15 which 
functions as a display means. For this reason, the 
operator can easily recognize the divided image when 

15 picking up the partial image. The display unit 15 

provided on the image pickup apparatus is often small 
and the display made thereon is difficult to see, 
particularly when two images are simultaneously 
displayed thereon. In the conventional methods, the 

20 images that are compared only are the same in part, and 
if two images are simultaneously displayed separately, 
it is extremely difficult to visually recognize the end 
portions which are the same, thereby increasing the 
possibility of making errors during the image pickup 

25 operation. But in the eleventh embodiment and the 
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modif ication thereof, the two images that are compared 
are approximately the same, and the two images are 
compared in the full image. Consequently, the visual 
recognition does not greatly deteriorate even if two 
5 images are simultaneously displayed, thereby preventing 
the operator from making errors during the image pickup 
operation. 

Next , a description will be given of a twelfth 
embodiment of the image pickup apparatus according to 

10 the present invention. In this twelfth embodiment, the 
MPU 13 displays the divided image and the through- image 
time-divisionally at predetermined time intervals at the 
same position on the display unit 15, in the first 
embodiment described above. The operator picks up the 

15 image while comparing the divided image and the through- 
image which are time-divisionally displayed and varying 
the camera position and direction so that the two images 
become approximately the same. By repeating such an 
operation, it is possible to pick up the partial images 

20 which automatically overlap without dropout of image 
information related to the target object. 

Next, a description will be given of a 
modification of the twelfth embodiment of the image 
pickup apparatus. In this modification of the twelfth 

25 embodiment, the MPU 13 displays the divided image and 
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the through- image time -divisionally at predetermined 
time intervals at the same position on the display unit 
15, similarly to the twelfth embodiment, in any of the 
second through tenth embodiments described above. 
5 In the twelfth embodiment and the modification 

thereof, it is possible to add an indication to at least 
one of the divided image and the through- image , so that 
it is possible to positively distinguish the two images. 
For example, the MPU 13 may display an indication which 

10 indicates the kind of image on the lower part of each of 
the divided image and through-image or, turn ON the LEDs 
106 and 107 corresponding to the respective images. 

Therefore, according to the twelfth embodiment 
and the modification thereof, the image pickup apparatus 

15 according to any one of the first through tenth 

embodiments displays the divided image and the through- 
image time-divisionally at predetermined time intervals 
at the same position on the display unit 15 which 
functions as a display means, and thus, it is possible 

20 to facilitate the recognition of the divided image by 
the operator when picking up the partial image. The 
display unit 15 provided on the image pickup apparatus 
is often small and the display made thereon is difficult 
to see and recognize.- In the conventional methods, the 

25 images that are compared only are the same in part, and 
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if two images are time -divisionally displayed, it is 
extremely difficult to visually recognize the end 
portions which are the same, thereby increasing the 
possibility of making errors during the image pickup 
5 operation. But in the twelfth embodiment and the 

modification thereof, the two images that are compared 
are approximately the same, and the two images are 
compared in the full image. Consequently, the visual 
recognition does not greatly deteriorate even if two 
10 images are time -divisionally displayed, thereby 

preventing the operator from making errors during the 
image pickup operation. 

Next, a description will be given of a 
thirteenth embodiment of the image pickup apparatus 
15 according to the present invention. In this thirteenth 
embodiment , an image switching unit within the interface 
18 arbitrarily switches the display on the display unit 
15 via the MPU 13 between the divided image and the 
through- image, in response to an operation carried out 
20 by the operator on the image switching unit, in the 

first embodiment described above. The operator picks up 
the image while comparing the divided image and the 
through- image which are arbitrarily switched and 
displayed and varying the camera position and direction 
25 so that the two images become approximately the same. 
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By repeating such an operation, it is possible to pick 
up the partial images which automatically overlap 
without dropout of image information related to the 
target object. 

Next, a description will be given of a 
modification of the thirteenth embodiment of the image 
pickup apparatus. In this modification of the 
thirteenth embodiment , the image switching unit within 
the interface 18 arbitrarily switches the display on the 
display unit 15 via the MPU 13 between the divided image 
and the through -image, in response to the operation 
carried out by the operator on the image switching unit, 
similarly to the thirteenth embodiment , in any of the 
second through tenth embodiments described above. 

In the thirteenth embodiment and the 
modification thereof, it is possible to add an 
indication to at least one of the divided image and the 
through- image, so that it is possible to positively 
distinguish the two images. For example, the MPU 13 may 
display an indication which indicates the kind of image 
on the lower part of each of the divided image and 
through- image or, turn ON the LEDs 106 and 107 
corresponding to the respective images . 

According to the thirteenth embodiment and the 
modification thereof, the image pickup apparatus 
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according to any of the first through tenth embodiments 
includes the image switching unit within the interface 
18, which functions as an image switching means for 
switching the display on the display unit 15 which 
5 functions as a display means, to one of the divided 

image and the image which is presently being picked up. 
Hence, the operator can easily recognize the divided 
image when picking up the partial images. In addition, 
the number of features included in the target object may 

10 be small depending on the target object, and in such 
cases, it is desirable to confirm the divided image. 
This thirteenth embodiment and the modification thereof 
can easily confirm the divided image at an arbitrary 
timing by switching the display to the divided image by 

15 the image switching unit within the interface 18, so 

that it is possible to prevent the operator from making 
errors during the image pickup operation. 

Each of the first through thirteenth 
embodiments and the modifications described above is 

20 provided with a divided image displaying function for 

displaying the divided image when picking up the partial 
image. However, it is of course possible to provide two 
or more such divided image displaying functions, so that 
the operator may select one of the divided image 

25 displaying functions. 
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Next, a description will be given of a 
fourteenth embodiment image pickup apparatus according 
to the present invention. In this fourteenth embodiment 
of the image pickup apparatus, the operator can select 
the order with which the partial images are picked up, 
in the first embodiment described above. 

FIG. 15 is a flow chart for explaining the 
operation of this fourteenth embodiment of the image 
pickup apparatus. The operation shown in FIG. 15 is 
basically the same as that shown in FIG. 9 up to the 
divided image generating state. In addition, when the 
image switching unit within the interface 18 is operated 
by the operator, the display of the divided image Q(i) 
is successively switched. 

In FIG. 15, a step S31 sets i to i = 1, and a 
step S32 displays the divided image Q(i) . A step S33 
decides whether or not the image switching unit within 
the interface 18 is operated to switch the display of 
the image. If the decision result in the step S33 is 
YES, a step S34 increments i to i = i + 1, and the 
process returns to the step S32. On the other hand, if 
the decision result in the step S33 is NO, a step S35 
decides whether or not the release button 19 is turned 
ON (or pushed). The process returns to the step S33 if 
the decision result in the step S35 is NO. 
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If the decision result in the step S35 is YES, 
a step S36 picks up the partial image P(i), and a step 
S3 7 decides whether or not the image of all of the 
target object is picked up without dropout of image 
5 information. If the decision result in the step S37 is 
NO, a step S38 increments i to i = i + 1 , and a step S39 
decides whether or not a portion of the image of the 
target object is to be picked up since the portion is 
not yet picked up. The process returns to the step S38 
10 if the decision result in the step S39 is NO, and the 
process returns to the step S32 if the decision result 
in the step S39 is YES. Further, the process ends if 
the decision result in the step S37 is YES. 

In other words, if the partial image is 
15 already picked up and the corresponding divided image is 
displayed on the display unit 15, it is desirable that 
the MPU 13 makes an indication on the display unit 15 or 
by the LED 106 that the partial image is recorded with 
respect to the divided image. When the release button 
20 19 is pushed in a state where a desired divided image is 
displayed on the display unit 15, the partial image P(i) 
is picked up by use of the lens 10, the image pickup 
element 11, the A/D converter 12, the MPU 13 and the 
display unit 15, and the image signal of the picked up 
25 image is recorded in the image memory 14. 
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In addition, the MPU 13 sets a flag which 
indicates whether or not the partial image P(i) 
corresponding to the divided image Q(i) is picked up, 
that is, input or recorded, with respect to each divided 
image- The MPU 13 uses this flag to display on the 
display unit 15 the divided image corresponding to the 
partial image which is not yet recorded. Such an 
operation is repeated until the partial images 
corresponding to all of the divided images are input or 
recorded. 

Next , a description will be given of a 
modification of the fourteenth embodiment of the image 
pickup apparatus. In this modification of the 
fourteenth embodiment, the operator can select the order 
with which the partial images are picked up, in the any 
of the second through thirteenth embodiments described 
above . 

Of course, in this modification of the 
fourteenth embodiment, it is possible to display only 
the divided image corresponding to the unrecorded 
partial image, even when successively switching the 
display of the divided image by the image switching unit . 
In addition, when the image pickup of the partial image 
ends and the next divided image is to be displayed, the 
display of this next divided image may be successively 
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regardless of whether or not the corresponding partial 
image is picked up. In this case, if the partial image 
is already picked up and the corresponding divided image 
is displayed, it is desirable to make an indication with 
5 respect to this divided image by the display unit 15 or 
the LED 106 to indicate that the partial image 
corresponding to this divided image is already recorded. 
Furthermore, even if the partial image is already 
recorded, it is desirable that an overwrite of the 

10 partial image is possible. 

Therefore, according to this modification of 
the fourteenth embodiment, the image switching unit 
functions as a partial image selecting means for 
selecting the divided image. Hence, it is possible to 

15 easily pickup the partial image again if the image 

pickup of the partial image fails. In the case of an 
image pickup error due to unwanted hand motion, it is 
desirable to pick up the partial image over again. In 
addition, since it takes time to pickup the image of the 

20 target object in divisions, there is a demand to pickup 
a changing portion within the target object at an 
appropriate timing. Accordingly, the flexibility of 
picking up the partial image is improved by making it 
possible to arbitrarily select the divided image. 

25 Next, a description will be given of a 



fifteenth embodiment of the image pickup apparatus 
according to the present invention. In this fifteenth 
embodiment of the image pickup apparatus, it is possible 
to switch the mode to the normal image pickup mode from 
5 any state of the partial image pickup mode, in the first 
embodiment described above. 

In this fifteenth embodiment, the MPU 13 
interrupts the present partial image pickup mode in 
response to the switching of the mode to the normal 

10 image pickup mode by the switch 102 within the interface 
18. The MPU 13 stores the content (state) at the time 
when this interruption takes place in a memory such as 
the image memory 14, before actually switching the mode 
to the normal image pickup mode. When the mode 

15 switching unit 19 is operated again to switch the mode 
to the partial image pickup mode, the MPU 13 restores 
the stored content within the memory to restore the 
state at the time when the partial image pickup mode was 
interrupted, and continues the partial image pickup mode 

20 from that time on. 

Next, a description will be given of a 
modification of the fifteenth embodiment of the image 
pickup apparatus. In this modification of the fifteenth 
embodiment, it is possible to switch the mode to the 

25 normal image pickup mode from any state of the partial 
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image pickup mode, in any of the second through 
fourteenth embodiments described above. 

In this modification of the fifteenth 
embodiment , the image pickup apparatus according to any 
of the second through fourteenth embodiments includes 
the MPU 13 and the mode switching unit 19 which 
functions as an image pickup interrupting means for 
interrupting the image pickup of the partial image and 
returning the image pickup apparatus to a predetermined 
state. Hence, it is possible to eliminate an 
unnecessary image pickup time which would otherwise be 
required to pick up the partial image again when the 
image pickup of the target object in divisions is 
interrupted. The image pickup of the target object in 
divisions takes time, and for this reason, the operator 
may miss the right timing when a normal image pickup is 
desired. Moreover, if the image pickup of the target 
object in divisions is interrupted to carry out a normal 
image pickup and the image pickup in divisions is 
thereafter restarted all over again from the start, it 
is extremely troublesome to carry out such an operation 
and the burden on the operator is extremely large. But 
according to this modification of the fifteenth 
embodiment, it is possible to minimize the unnecessary 
increase of the image pickup time and to reduce the 
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burden on the operator, by making it possible to 
continue the image pickup of the target object in 
divisions even after interruption thereof. 

In each of the first through fifteenth 
embodiments and the modifications, it is possible to 
omit the field angle setting unit 16, if the operator 
can move close to and/ or mode away from the target 
object to realize the effects equivalent to those of the 
field angle setting unit 16. In this case, the operator 
moves the position of the image pickup apparatus when 
picking up the full image and when picking up the 
partial image, so that the full image and the partial 
image are picked up within respective ranges , 

In other words, when the field angle setting 
unit 16 is omitted, the image pickup apparatus for 
picking up the image of the target object in divisions 
as partial images which overlap by a predetermined 
quantity, generally includes the display unit 15 and the 
MPU 13. The display unit 15 functions as a display 
means for displaying the image. The MPU 13 functions as 
a partial image generating means for generating the 
partial image to be displayed on the display unit 15, by 
dividing the full image of the target object which is 
picked up in advance into predetermined sizes using 
information related to the overlap of the partial images 
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Therefore, it is possible to realize an image pickup 
apparatus which can generate a high-definition image by 
combining the partial images obtained by picking up the 
target object in divisions. In addition, it is possible 
5 to secure the necessary overlapping region that is 
required when combining the partial images, and to 
instruct the operator of the parts of the target object 
to be picked up so that all parts of the target object 
are picked up without dropout of image information. 
10 Further, the present invention is not limited 

to these embodiments, but various variations and 
modifications may be made without departing from the 
scope of the present invention. 
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WHAT IS CLAIMED IS 



5 

1 . An image pickup apparatus for picking up 
an image of a target object in divisions as a plurality 
of partial images which overlap by a predetermined 
quantity, comprising: 

10 display means for displaying an image; and 

partial image generating means for generating the 
partial images to be displayed on said display means by 
dividing a full image of the target image which is 
picked up in advance into predetermined sizes using 

15 information related to an overlap of the partial images. 



20 2 . An image pickup apparatus for picking up 

an image of a target object in divisions as a plurality 
of partial images which overlap by a predetermined 
quantity, comprising: 

a display unit displaying an image; and 

2 5 a generating unit generating the partial images to 
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be displayed on said display unit by dividing a full 
image of the target image which is picked up in advance 
into predetermined sizes using information related to an 
overlap of the partial images . 



3 . The image pickup apparatus as claimed in 
10 claim 2, further comprising: 

an overlap quantity specifying unit specifying the 
predetermined quantity of the overlap of the partial 
images . 

15 



4 . The image pickup apparatus as claimed in 
claim 2, wherein said display unit simultaneously 
20 displays a divided image and an image presently being 
picked up in an overlapping manner . 



25 
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5 . The image pickup apparatus as claimed in 
claim 2, wherein said display unit simultaneously 
displays a divided image and an image presently being 
picked up at different positions. 



6 . The image pickup apparatus as claimed in 
10 claim 2, wherein said display unit time-divisionally 
displays a divided image and an image presently being 
picked up at the same position. 



15 

7 . The image pickup apparatus as claimed in 
claim 2, further comprising: 

a switch unit switching a display on the display 
20 unit to one of a divided image and an image presently 
being picked up. 



25 
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8 . The image pickup apparatus as claimed in 
claim 2, further comprising: 

a partial image selecting unit selecting a divided 
image . 

5 



9 . The image pickup apparatus as claimed in 
10 claim 2, further comprising: 

an interrupt unit interrupting image pickup of the 
partial images and returning the image pickup apparatus 
to a predetermined state. 

15 



10 . The image pickup apparatus as claimed in 
claim 2, further comprising: 
20 a generating unit generating a combined image by 

combining the partial images . 



25 
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11. An image pickup apparatus for picking up 
an image of a target object in divisions as a plurality 
of partial images which overlap by a predetermined 
quantity, comprising: 
5 field angle setting means for setting a field angle 

with which the target object is to be picked up; 
display means for displaying an image; and 
partial image generating means for generating the 
partial images to be displayed on said display means by 
10 dividing a full image of the target image which is 

picked up with a predetermined field angle set by said 
field angle setting means into predetermined sizes using 
the predetermined field angle and information related to 
an overlap of the partial images after the predetermined 
15 field angle is set by said field angle setting means. 



20 12. An image pickup apparatus for picking up 

an image of a target object in divisions as a plurality 
of partial images which overlap by a predetermined 
quantity, comprising: 

a field angle setting unit setting a field angle 

25 with which the target object is to be picked up; 



-67- 



a display unit displaying an image; and 
a partial image generating unit generating the 
partial images to be displayed on said display unit by 
dividing a full image of the target image which is 
5 picked up with a predetermined field angle set by said 
field angle setting unit into predetermined sizes using 
the predetermined field angle and information related to 
an overlap of the partial images after the predetermined 
field angle is set by said field angle setting unit. 



13. The image pickup apparatus as claimed in 
15 claim 12, further comprising: 

an overlap quantity specifying unit specifying the 
predetermined quantity of the overlap of the partial 
images . 

20 



14. The image pickup apparatus as claimed in 
claim 12, further comprising: 
25 a setting unit automatically setting the field 



angle with which the partial images are to be picked up 
to the predetermined field angle. 



15. The image pickup apparatus as claimed in 
claim 14, further comprising: 

a resolution specifying unit specifying a 
resolution; 

a measuring sensor measuring a distance to the 
target object; and 

a calculating unit calculating the predetermined 
field angle from the resolution specified by said 
resolution specifying unit and the distance measured by 
said measuring sensor. 



16 . The image pickup apparatus as claimed in 
claim 14, further comprising: 

an object size specifying unit specifying a size of 
the target object; 

a resolution setting unit specifying or storing a 
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resolution; and 

a calculating unit calculating the predetermined 
field angle from the size of the target object specified 
by the object size specifying unit and the resolution 
5 set by said resolution setting unit. 



10 17. The image pickup apparatus as claimed in 

claim 14, further comprising: 

a division number specifying unit specifying a 
number of divisions of a full image of the target 
object; and 

15 a calculating unit calculating the predetermined 

field angle from the number of divisions specified by 
said division number specifying unit. 



20 



18. The image pickup apparatus as claimed in 
claim 12, wherein said display unit simultaneously 
displays a divided image and an image presently being 
25 picked up in an overlapping manner. 
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19. The Image pickup apparatus as claimed in 
claim 12, wherein said display unit simultaneously 
displays a divided image and an image presently being 
picked up at different positions. 



20. The image pickup apparatus as claimed in 
10 claim 12, wherein said display unit time-divisionally 
displays a divided image and an image presently being 
picked up at the same position. 



15 



21. The image pickup apparatus as claimed in 
claim 12, further comprising: 

a switch unit switching a display on the display 
20 unit to one of a divided image and an image presently 
being picked up. 



25 
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22. The image pickup apparatus as claimed in 
claim 12, further comprising: 

a partial image selecting unit selecting a divided 
image . 

5 



23. The image pickup apparatus as claimed in 
10 claim 12, further comprising: 

an interrupt unit interrupting image pickup of the 
partial images and returning the image pickup apparatus 
to a predetermined state. 

15 



24. The image pickup apparatus as claimed in 
claim 12, further comprising: 
20 a generating unit generating a combined image by 

combining the partial images . 



25 
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25. An image processing method for processing 
an image of a target object which is picked up by an 
image pickup apparatus in divisions as a plurality of 
partial images which overlap by a predetermined quantity, 
5 comprising the steps of: 

(a) displaying an image; and 

(b) generating the partial images to be displayed 
by said step (a) by dividing a full image of the target 
image which is picked up in advance into predetermined 

10 sizes using information related to an overlap of the 
partial images. 



15 

26. An image processing method for processing 
an image of a target object which is picked up by an 
image pickup apparatus in divisions as a plurality of 
partial images which overlap by a predetermined quantity, 
20 comprising the steps of: 

(a) setting a field angle with which the target 
object is to be picked up; 

(b) displaying an image; and 

(c) generating the partial images to be displayed 
2 5 by said step (b) by dividing a full image of the target 
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image which is picked up with a predetermined field 
angle set by said step (a) into predetermined sizes 
using the predetermined field angle and information 
related to an overlap of the partial images after the 
5 predetermined field angle is set by said step (a). 



10 



20 



25 
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ABSTRACT OF THE DISCLOSURE 

An image pickup apparatus for picking up an 
image of a target object in divisions as a plurality of 
partial images which overlap by a predetermined quantity, 
5 is provided with a display unit for displaying an image, 
and a partial image generating unit for generating the 
partial images to be displayed on the display unit by 
dividing a full image of the target image which is 
picked up in advance into predetermined sizes using 
10 information related to an overlap of the partial images . 
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PCT International Application Number 

and was amended on 
(if applicable). 




I hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 


fttiu ji»aMiJffi«B37IHmi*5©ScS*5iiSi:iJ9. 


I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1 .56. 
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ftli, *Ha»^35^119* (a) - (d) BX&365* (b) «C 
'sitfr18;*jfciHl365 (a) gsjcS^K HPUffilL X(i^H"e©W 
"kgrrsfctfec, «Sfc**±3SL-a>S, *tBS©iif-tBM 



Japanese Language Declaration 

(H*llft) 

I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application(s) for patent 
or inventor's certificate, or Section 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 



Prior Foreign Application(s) 

^.H-CO^feffttiS Patent Application 

No. 11-305233 Japan 



(Number) 

(##) 



(Country) 



(Country) 

(H«) 



&(£.JP35if*W£ftll9* (e) ac*-3'^tTlS©*B 



(Application No.) 

(ft®,*^) 



(Filing Date) 



&«. TK©*H-i*A^35«120*C»O-^-CTlBO*mffF 
365* (0 tcScK«*iJ£--C3Sbi:1-= 

*±Wfrift**»BIB«aj B * -e©J(H!W*c A^3 ftfc. 



(Application No.) 



(Application No.) 



(Filing Date) 
(ttiBB) 



(Filing Date) 
(tfJUB) 



SCL * LT^cd «fc 5 fcSHKK: J: sfltfto^tmfrfr fciHT, 

Page 



27/October/1999 
(Day/MontlVYear Filed) 
(tiJSB¥JlB) 



(Day/Month/Year Filed) 



Priority Claimed 

SI □ 
Yes No 

□ □ 
Yes No 



I hereby claim the benefit under Title 35, United States Code, 
Section 119(e) of any United States provisional application® listed 
below. 



(Application No.) 



(Filing Date) 



I hereby claim the benefit under Title 35, United States Code, Section 
120 of any United States applicatjon(s), or Section 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph 
of Title 35, United States Code Section 112, 1 acknowledge the duty 
to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1.56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 

(Status: Patented, Pending, Abandoned) 
(MM : #fPfPRTS¥, ffiSKSF) 

(Status: Patented, Pending, Abandoned) 

mm : wfr^m wmm) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
2of_£_ 
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Japanese Language Declaration 




POWER OF ATTORNEY: As a named inventor, 1 hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith: (list name and registration number) 


Norman F. Obion, Reg. No. 24,618; Marvin J. Spivak, Reg. No. 24,913; C. Irvin McClelland, Reg. No. 21,124; Gregory a Maier Reg. No. 
25 599- Arthur ! Neustadt, Reg. No. 24,854; Richard D. Kelly, Reg. No. 27,757; James D. Hamilton, Reg. No. 28,421; Eckhard H. Kuesters 
Req No 28 870- Robert T. Pous, Reg. No. 29,099; Charles L. Gholz, Reg. No. 26,395; William E. Beaumont, Reg. No. 30,996; Jean-Paul 
Lavalleve Req No. 31,451; Stephen G. Baxter, Reg. No. 32,884; R:chard L. Treanor, Reg. No. 36,379; Steven P. Wb.hrouch Reg No. 
32 829 John T. Goolkasian, Reg. No. 26,142; Richard L. Chinn, Reg. No. 34,305; Steven E. Lipman, Reg. No. 30,01 1 ; Carl E. Schher, Reg. 
No 34 426- James J. Kutbaski, Reg. No. 34.648; Richard A. Neifeld, Reg. No. 35.299; J. Derek Mason, Reg. No. 35,270; Sunnder Sachar, 
Reg No 34 423- Jeffrey B. Mclntyre, Reg. No. 36,867; William T. Enos, Reg. No. 33,1 28; Michael E. McCabe, Jr., Reg. No. 37,182; Bradley 
D Lytle Reg No 40 073; and Michael R. Casey, Reg. No. 40,294, with full powers of substitution and revocation. 




Send Correspondence to: 

OBLON, SPIVAK, McCLELLAND, MAIER & NEUSTADT, P.C. 
FOURTH FLOOR 
1755 JEFFERSON DAVIS HIGHWAY 
ARLINGTON, VIRGINIA 22202 U.S.A. 




Direct Telephone Calls to: (name and telephone number) 
(703) 413-3000 




Full name of sole or first joint inventor 

TAKASHI KITAGUCHI 




Inventor's signature n * D ate 


:; ® m 


Residence 
Kanagawa , Japan 


mm 


Citizenship 
Japan 




Post Office Addressc/o RICOH COMPANY , LTD., 
3-6v Nakamagome 1-chome, Ohta-ku, 




Tokyo 143-8555, Japan 




Full name of second joint inventor, if any 

NORIHIKO MURATA 




Second joint Inventor's signature Date 

4\*\iph> %unJh. fret. 2 . 


mm 


Residence 

Kanagawa, Japan 


mm 


Citizenship 

Japan 




Post Office Address c/o RICOH COMPANY , LTD., 
3-6, Nakamagome 1-chome, Ohta-ku, 




Tokyo 143-8555, Japan 




(Supply similar information and signature for third and subsequent 
joint inventors.) 
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Japanese Language Declaration 

(0 





Full name of third joint inventor, if any 
SHIN AOKI 




Thipd,jpint Inventor^ signature Date 




Residence 
Kanagawa, Japan 


mm 


Citizenship 
Japan 




Post Office Address c/o RICOH COMPANY, LTD., 
3-6, Nakamacrome 1-chome, Ohta-ku. 




Tokyo 143-8555, Japan 






Full name of fourth joint inventor, if any 




Fourth joint inventor's signature Date 




Residence 


;. mm 


Citizenship 




Post Office Address 










Full name of fifth joint inventor, if any 




Fifth joint Inventor's signature Date 




Residence 


a» 


Citizenship 




Post Office Address 









Full name of sixth joint inventor, if any 


m*(D&mmn^(Dm% arc 


Sixth joint Inventor's signature Date 


mm 


Residence 


mm 


Citizenship 




Post Office Address 






{ m a $ tz b * to;m<n * n m l t t> mm &- tt 


(Supply similar information and signature for third and sub- 
sequent joint inventors.) 
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